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PREFACE
RNA MODIFICATION AND EDITING: TWO SIDES OF THE SAME COIN
The intricate series of events which produces functional, fully mature RNA from primary tran scripts of genes is called RNA maturation. The sim plicity of this term largely misrepresents the com plexity of the underlying processes, which involve numerous steps and the participation of a large num ber of distinct catalytic macromolecules (enzymes and ribozymes) and of cofactors. Two basically distinct modes of RNA maturation exist: one in which phosphodiester bonds are broken and/or formed (e.g., splicing, polyadenylation and polyuridylation, 5' and 3' trimming, capping, addition or deletion of internal nucleotides, etc.) and one in which bases and/or ribose moieties are chemically modified while the ribose-phosphate backbone is left intact. From the impressive amount of energy (and genes) that cells invest in these processes, it must be concluded that they are important for cellular metabolism and func tion. The challenge is to understand how and why these posttranscriptional RNA alteration processes have evolved: do they represent relics of the hypo thetical prebiotic RNA world or acquisitions of vital new functions (or both)?
The first evidence for the presence of modified nucleosides in RNA was obtained in 1951 (pseudouridine, the fifth nucleoside), while the first RNA modification enzyme was identified in 1962 (Esche richia coli tRNA-uracil methylase). To date, 95 chem ically modified nucleosides have been identified. This is probably not an upper limit, and sequencing of more RNAs (not only tRNAs but also rRNAs, mRNAs, and snRNAs) from various organisms may still raise this number, especially now that tools for easier identification exist. Some are simple modifica tions, such as base or ribose methylation and base isomerization, reduction, thiolation, or deamination. Others are more complex hypermodifications whose biosynthesis involves several enzymes. Among the dif ferent types of RNA, tRNA is generally the most heavily modified: in some tRNAs from higher eukaryotes, up to 25% of the nucleotides can be modified in one way or the other. However, despite an im pressive amount of research, the effect of most of the modifications on RNA structure and function is still far from clear.
In 1986 the concept of RNA editing was intro duced, initially to describe the process of posttran scriptional insertion of nongenomically encoded uridylate residues within the coding region of mitochondrial mRNAs of kinetoplastid protozoa. At that point in time, RNA editing was another addition to the list of processes that involve phosphodiester bond cleavage or ligation. Things became more com plicated when in the following years the term "RNA editing" was used to describe any process other than splicing and capping that changes the sequence of an RNA transcript (mRNA, tRNA, or rRNA) from that encoded by the corresponding gene. Although the precise mechanism is not yet known in many cases, some of the RNA-editing processes again appeared to involve cleavage or ligation reactions. However, oth ers were highly reminiscent of well-established RNA modification reactions, which not only create nucle osides that are chemically distinct from the four ca nonical nucleosides but also convert one canonical nucleoside into another one (e.g., C's to U's, U's to C's, etc.). However, the effect of base conversion ed iting appeared more obvious than that of many nu cleoside modifications, since editing directly changes base pairing potential and thus (for example) the ge netic content of mRNAs or the secondary and/or ter tiary structure of tRNAs and rRNAs. Therefore, it seemed logical also to use the term "RNA editing" to describe the conversion by deamination of aden osines to inosines in certain mammalian mRNAs, given that the I's are read as C's by the translational machinery. As a result, the distinction between RNA base conversion editing and RNA nucleoside modi fication has become fuzzy, because A-to-I deaminations in tRNAs and rRNAs have, since their discovery more than 25 years ago, always been known as clas- For example, the formation of lysidine (a C-modified nucleoside that decodes A instead of G) in the wobble position of a tRNA" e of several or ganisms clearly affects base pairing potential during translation. As for anticipating further developments, it does not seem too far-fetched to assume that other RNA modifications will qualify as RNA editing and that, on the other hand, the mechanism of some of the currently poorly characterized RNA-editing re actions will turn out to be some form of base modi fication. Evidently, RNA nucleoside modification and RNA base conversion editing are two sides of the same coin. This is strikingly illustrated by the recent finding that the deaminase domain of the yeast tRNA:A 37 deaminase HRA400 (recently renamed YGL243w) has a clear evolutionary relationship to those of the mammalian mRNA A deaminases ADAR1 and ADAR2.
SCOPE AND PURPOSE OF THIS BOOK
The purpose of this book is to cover all aspects of nucleoside modification and editing in different classes of RNA in different organisms. This includes the description of the different types of modification and editing; the identification of the corresponding enzymes; and discussion of cis-and trans-acting se quences, machineries, mechanisms, cellular locations, biological roles of individual modified and/or edited bases, involvement in diseases like cancer and AIDS, and possible evolutionary connections between dif ferent processes. Apart from covering base conver sion editing, we decided to include cleavage-andligation RNA editing, not only because certain sys tems such as Physarum polycephalum mitochondria possess both forms of editing, but also because clear mechanistic parallels may exist between them. For example, editing-site selection is mediated by small guide RNAs in both U insertion-deletion editing in kinetoplastid mitochondria and 2'-0-ribose methylation and pseudouridylation in rRNA of eukaryotic cells. Last but not least, in many cases insufficient data are available to classify a particular editing event: certain apparent RNA base conversions may actually be carried out by cleavage-ligation reactions and vice versa.
The only previous thorough coverage of nucle oside modifications in RNA was published 27 years ago (Ross H. [Ellis Horwood Limited, 1993] ).
In the last few years, new biochemical and physicochemical techniques have been developed, such as chemical and enzymatic mapping of RNA sequence and conformation, mass spectrometry, nuclear mag netic resonance, and fast kinetic relaxation tech niques. Synthetic substrates can now easily be pro duced enzymatically or chemically in vitro. Several modifying and editing enzymes and their correspond ing genes have been identified and characterized. Sev eral bacterial and eukaryotic mutants defective in RNA modification are now available. These advances have generated a wealth of new data, further under lining the importance of modified and edited nucle osides for the structure and function of RNA. Given the rapid progress of the research in the different ar eas, it seems timely to have all of the information together in an unifying general framework.
The different chapters of the book have been written by leading researchers (geneticists, biochem ists, physical chemists, organic chemists, and medical doctors) who are currently working on various as pects of nucleoside modification and editing in tRNA, mRNA, rRNA, and/or snRNA. The book also pro vides a historical perspective and contains descrip tions of the techniques used for the detection and identification of modified nucleosides in RNA, for the measurement of their physicochemical properties, and for site-directed incorporation. Last but not least, it includes six appendixes which give complete lists of the currently known nucleoside modifications and their location and distribution in tRNAs, the different types of editing, and the properties of modifying and editing enzymes and their genomic locations. The book is well referenced up to the end of 1997 and contains numerous citations of research that will be published in 1998. We hope that this book will serve as an invaluable reference tool for researchers, teach ers, and students alike and that it will be used for the PREFACE xiii planning of future research to answer the many re maining questions. It is meant not only for our col leagues who are already working in the field but in deed for all those wanting to know (more) about RNA modification and editing. We hope that it will act as a catalytic factor in convincing researchers to join the "RNA modification-editing club." A book of this size is the result of the efforts of many different people. First of all, we would like to give the credit where it belongs: to our colleagues who contributed the chapters and found the time in their busy academic and scientific lives to produce such high-quality products in only a few months and to patiently respond to our queries and our frequent reminders of deadlines. Certainly, the use of elec tronic mail has allowed rapid exchange of informa tion and the successive versions of each manuscript between authors and editors. The production of this book would have been impossible without the help and advice of several persons at ASM Press in Wash ington: Gregory Payne and Susan Birch at the early stages of the preparations for the book and Ken April during the final production stage. We greatly appre ciate their advice and tireless efforts. We also ac knowledge Ed Atkeson for the cover design. Finally, we apologize to our colleagues in Gif-sur-Yvette and Amsterdam for any inconvenience that may have arisen from our spending much more time in prepar ing this book than initially anticipated. 
